To review all paediatric patients with intussusception over the last 17 years.
Introduction
Intussusception is the most common cause of intestinal obstruction in infants and young children between the age of 3 months and 3 years, and the peak age of presentation is 4 to 8 months. 1 The invagination of proximal bowel into more distal bowel results in venous congestion and bowel wall oedema. If this condition is not promptly diagnosed and treated, arterial obstruction and bowel necrosis New knowledge added by this study • Non-operative reduction of intussusception has a high success rate and low complication rate, even in delayed presentation of over 72 hours.
• The presence of a palpable abdominal mass is a risk factor for failure of non-operative reduction.
Implications for clinical practice or policy
• Non-operative reduction is recommended as the first-line treatment for children with intussusception.
• Operative intervention should not be delayed in those patients who encounter difficult or doubtful nonoperative reduction.
and perforation may occur. 2 Approximately 90% of intussusceptions in the paediatric age-group are ileocolic and idiopathic, 3 presumably caused by lymphoid hyperplasia that has been suggested as the 'lead point' in its pathogenesis. 4 Viral infection may also play a role. [5] [6] [7] [8] The reported incidence of a pathological lead point in paediatric intussusception is approximately 6%, 9 the most common of which
Original article recurrence was reported in the operative group. The presence of a palpable abdominal mass was a risk factor for operative treatment (relative risk=2.0; 95% confidence interval, 1.8-2.2). Analysis of our results suggested that duration of symptoms did not affect the success rate of non-operative reduction.
Conclusions: Non-operative reduction has a high success rate and low complication rate, but the presence of a palpable abdominal mass is a risk factor for failure. Operative intervention should not be delayed in those patients who encounter difficult or doubtful non-operative reduction.
小兒腸套疊：香港一所提供第三層醫療服務的 醫院的十七年經驗
is Meckel's diverticulum. 10 Systemic conditions such as Henoch-Schönlein purpura, Peutz-Jeghers syndrome, and familial polyposis can also increase the risk of intussusception. Abdominal trauma and postoperative abdomen have also been reported to pose a higher risk for intussusception. [11] [12] [13] [14] The presenting symptoms of intussusception are often non-specific and may mimic viral gastroenteritis, presenting as vomiting and diarrhoea. The classic triad of red currant jelly stool, abdominal pain, and abdominal mass is not often encountered, and the diagnosis may easily be delayed or missed. 15 Plain abdominal films are neither sensitive nor specific for intussusception and may be completely normal. 16 The most consistent finding is a paucity of gas in the right iliac fossa. Other possible features include soft tissue mass, target sign, or meniscus sign. 17 The first-line investigation for diagnosis of intussusception in children is abdominal ultrasound, given its high sensitivity (98%-100%) and specificity (88%-100%). 18 Non-operative reduction methods for intussusception include barium enema, and hydrostatic or pneumatic reduction. 19 Pneumatic reduction is currently the preferred standard treatment, given the greater ease of performing the examination, the lesser morbidity with complications, and the slightly higher success rate of 84% to 100%. [20] [21] [22] Operative reduction is required when nonoperative reduction is either contra-indicated (eg peritonitis, perforation, profound shock) or unsuccessful. Open surgery has been the conventional approach although laparoscopic reduction is also feasible and successful in uncomplicated cases. 23, 24 In this study, we aimed to review our hospital's experience in the management of paediatric intussusception over the last 17 years, with a focus on assessing the efficacy of non-operative reduction and identifying the risk factors that may lower its success rate.
Methods
We conducted a retrospective study of children who presented with intussusception from January 1997 to December 2014 in our hospital. We started with the year 1997 as some of earlier records were incomplete. Patient demographics, clinical presentation, duration of symptoms, treatment modalities, complication rate, and length of hospital stay were studied. The method of non-operative reduction in our institution was ultrasound-guided hydrostatic reduction before 2005 and pneumatic reduction with fluoroscopy after 2005, as the latter was easier and faster to perform. The procedure was performed by paediatric radiologists, with a paediatric surgeon available if necessary. In pneumatic reduction, air is insufflated via a Foley catheter (with size of 18-Fr to 22-Fr, depending on patient's size, with balloon inflated with 10 mL water) placed inside the patient's rectum under pressure monitoring at 120 mm Hg. Our radiologists would perform a maximum of three attempts. The patient might be given intravenous midazolam at a dose of 0.1 to 0.2 mg/kg if necessary. Successful reduction was demonstrated by free flow of air into the terminal ileum and disappearance of the caecal soft tissue mass.
For laparoscopic reduction, a 5-mm subumbilical port was used for camera access. Another two working ports (one in the upper and one in the lower abdomen) were inserted. Reduction of intussusception was performed with laparoscopic graspers. In open reduction, manual reduction was achieved by milking the intussusceptum out of the intussuscipient. Bowel resection was performed when bowel necrosis was found intra-operatively. 
Results
A total of 173 children (108 male, 65 female) presented to our hospital with intussusception during the study period. Of them, 83 (48%) were admitted directly to our paediatric surgical ward, 50 (29%) were referred from the paediatric medical ward in our hospital, and the remaining 40 (23%) were referred from other public and private hospitals. The median age at presentation was 12.5 months (range, 2 months to 16 years) and the mean (± standard deviation) duration of presenting symptoms was 2.3 ± 1.8 days. The common presenting symptoms and their percentage of occurrence are shown in Table 1 . The most common symptom reported was vomiting and occurred in 132 (76.3%) patients.
All patients except one were diagnosed by ultrasonography. One patient underwent computed tomographic scan for diagnosis due to an atypical presentation of intussusception. All patients underwent either non-operative or operative treatment within 24 hours of admission. Pneumatic or hydrostatic reduction (Fig a) was performed in 160 patients, among which 127 (79.4%) were successful and three (1.9%) were complicated by bowel perforation. A total of 46 patients in our study required operative reduction, but two of the intussusceptions were found to be reduced upon laparotomy. These radiological misdiagnoses could be due to mistaken identity of the oedematous ileocaecal valve for intussusceptum. The indications for operative treatment are summarised in Table  1 . Early recurrence of intussusception (<72 hours post-reduction) occurred in four (3.1%) of the 127 patients who had initial successful non-operative reduction. No recurrence was reported in patients treated surgically. Laparoscopic reduction was attempted in 13 patients, among whom five (38.5%) were successful. Conversion to open reduction was required in five patients because of the need for bowel resection and in a further three due to difficult reduction. Among the 46 patients who required operative reduction, 23 (50%) required bowel resection. A pathological lead point was noted intraoperatively in seven (15.2%) patients and four had a perforated bowel (three of which were complications of non-operative reduction). The remaining 12 had non-viable gangrenous bowel that was subsequently confirmed by histology. The operations were complicated with one burst abdomen and one anastomotic leak. The age distribution in our cohort of patients and the number of patients with pathological lead point are shown in Table 2 .
We next analysed the possible risk factors for unsuccessful non-operative reduction in the 160 patients ( Table 3 ). The only statistically significant factor was the presence of an abdominal mass (relative risk=2.0; 95% confidence interval, 1.8-2.2). The distribution of the duration of symptoms is presented in Table 4 . Nonetheless, the duration of symptoms and the extent of the intussusception did not appear to affect the chance of a successful non-operative reduction (Table 5) . There were 129 patients with intussusception at the hepatic flexure or a more proximal site, 93 (72.1%) of whom had successful non-operative reduction; 44 presented with intussusception at the transverse colon or a more distal site, of whom 34 (77.3%) underwent successful non-operative reduction. There was no significant difference in the success rate of non-operative reduction between the two groups (P=0.56). Approximately 50% of patients were admitted directly to our ward from the beginning. There was no difference in the success rate of nonoperative reduction between this group of patients and those who were referred from other wards or hospitals (77.1% vs 77.3%, P=1.00). The overall success rate of non-operative reduction was 79.4%. We also compared the success rate for the two non-operative treatment modalities. There was no statistically significant difference between the success rate of hydrostatic reduction (81.5%) versus pneumatic reduction (77.2%) in our study (P=0.56).
There was a statistically significant difference in the median length of post-reduction hospital stay for patients who were successfully treated non-operatively (3 days; range, 1-12 days) versus operatively (7.5 days; range, 3-73 days; P=0.01).
Discussion
Intussusception is a true paediatric surgical emergency and is second only to appendicitis as the most common cause of an acute abdominal emergency in children. 25 The complete classic triad of intermittent abdominal pain, red currant jelly stool, and a palpable abdominal mass is not a common presentation. 26 Only five (2.9%) of our patients were documented to have all three symptoms present at the time of hospital admission. In accordance with previous studies, vomiting was the most common presenting symptom. 4, 27 Per rectal bleeding or red currant jelly stool signify bowel ischaemia and mucosal sloughing but is a rather late sign and was present in only 40.5% of our patients. Nonetheless, all except one patient had at least one of the symptoms of abdominal pain, abdominal mass, red currant jelly stool, vomiting, or irritability. These symptoms should be actively sought in any patient in whom intussusception is suspected.
The most reliable abdominal sign, if present, is a palpable mass in the right upper quadrant of the abdomen. It was present in 39.3% of our patients, and was a risk factor for the need of operative treatment. We postulate that a palpable mass may signify relatively longer duration of intussusception that causes complete intestinal obstruction, thus rendering non-operative reduction less successful as it becomes more difficult for the reduction medium to pass through. Many children with intussusception present with non-specific signs and symptoms, thus the diagnosis may easily be delayed or missed. 15 Therefore, as clinicians we must maintain a high index of suspicion in order to identify this emergency in a timely manner. Early referral of suspected cases to a tertiary treatment centre can significantly reduce morbidity in the child.
With positive sonographic findings of intussusception, an enema is reserved for therapeutic purposes, although it may be necessary for diagnosis when ultrasonography findings are questionable. Computed tomography is seldom needed for diagnosis of paediatric intussusception, except in cases where an associated underlying pathological lead point is suspected. Our recommended diagnostic and treatment algorithm is summarised in Figure  b . Pneumatic reduction is currently our preferred standard treatment of intussusception, given the greater ease of performing the examination, lesser morbidity with complication, and the high success rate. [20] [21] [22] Major advantages of air enema reduction include a relatively low radiation dose and improved safety with constant pressure monitoring. 28, 29 The perforation rate is reported to be less than 3%. 30 In a randomised trial performed by Hadidi and El Shal, 22 pneumatic reduction was concluded to be the modality with fewest complications and highest success rate, when compared with barium enema and hydrostatic reduction. In our study, there was no statistically significant difference in the success rate between hydrostatic reduction and pneumatic reduction (81.5% vs 77.2%, P=0.56). We believe that this is attributable to the fact that both hydrostatic and pneumatic reductions are based on similar principles.
Laparoscopic reduction has been demonstrated to be feasible and successful in uncomplicated intussusception. 23, 24 In our series, five (62.5%) of the eight conversions from laparoscopic to open reduction were due to the need for bowel resection.
Non-operative reduction has a high overall success rate and low complication and recurrence rates. A high success rate was observed even in the group of patients with delayed presentation of over 72 hours. It also leads to a shorter hospital stay and is therefore recommended as the first-line treatment of this condition.
The presence of a palpable abdominal mass is a risk factor for failure of non-operative reduction. Operative intervention should not be delayed in these patients who encounter difficult or doubtful non-operative reduction. For patients in whom nonoperative reduction fails, laparoscopic reduction appears to be a feasible option. From our experience, a significant proportion of this group of patients 
Conclusions
Non-operative reduction has a high success rate and low complication rate, but the presence of a palpable abdominal mass is a risk factor for failure. Operative intervention should not be delayed in these patients who encounter difficult or doubtful non-operative reduction. 
